Objectives The aim of this study was to assess the impact of the Noto Peninsula Earthquake on various hematologic parameters. We studied the relationships between the degree of property damage and changes in red blood cells (RBCs), hemoglobin (Hb), and hematocrit (Ht) among residents before and after the March 2007 Noto Peninsula Earthquake. Methods A total of 5,563 residents of Wajima City who were not receiving oral treatment for anemia and who had received basic health screenings for fiscal years (FYs) 2006 and 2007, before and after the earthquake. We analyzed changes in their RBCs, Hb, and Ht levels by gender, age, body mass index (BMI), level of property damage, and evaluation standards. Results RBCs, Hb, and Ht for FY2007 showed a trend of decreasing values compared to FY2006 in both male and female subjects. RBCs and Hb significantly decreased in females aged between 65 and 74 years who experienced total property damage, and Ht significantly increased for those younger than 65 years who experienced the same level of damage. In addition, significant differences by degree of property damage and FY2007/FY2006 ratio were seen only among subjects with a BMI ratio\1. Furthermore, we found a significant relationship between reduction of RBCs or Hb and increasing age in females; however, no significant relationship to property damage was found. No significant relationships were found for males. Conclusions A significant association between property damage and changes in RBCs, Hb, and Ht was not found in this population of residents who experienced the Noto Peninsula Earthquake.
Introduction
Earthquakes instantaneously change areas residents have become accustomed to, bringing marked transformations to their living environments. The Noto Peninsula Earthquake, which occurred at 9:42 a.m. on Sunday 25 March 2007 with a magnitude of 6.9 and a seismic intensity 6?, resulted in 2,426 completely and half-destroyed residential buildings and 26,956 partially damaged buildings. One person died and 359 were injured by the earthquake. More than 2,500 were evacuated to temporary shelters. The earthquake occurred in an aging region designated as underpopulated by the Act on Special Measures for Promotion for Independence for Underpopulated Areas. Other massive earthquakes have since occurred, including the Niigata-Chuetsu Offshore Earthquake, the Iwate-Miyagi Inland Earthquake, and the Great East Kanto Earthquake. In these situations, the elderly often must take the initiative in dealing with post-disaster restoration and reconstruction. To successfully rebuild a community, prevention of deteriorating health conditions among residents becomes a crucial issue.
There have been numerous reports on the impact of earthquake disasters on the circulatory system, such as the greater likelihood of heart disease after disasters [1] , increased mortality from cardiovascular disease after the Great Hanshin-Awaji Earthquake of 1995 [2] , and a high incidence of acute myocardial infarction in elderly females during the acute phase after an earthquake [3] . Some of these studies used objective indicators before and after the disaster, including a study by Tsuzuki et al. [4] with basic health screening results before and after the Great HanshinAwaji Earthquake, and a report on outpatients with high blood pressure [5] . Few of these reports, however, targeted an entire region [4, 6] . Few reports have also examined the impact of natural disasters on levels of hemoglobin (Hb), a diagnostic indicator of anemia, and hematocrit (Ht), a risk factor for acceleration of blood coagulation, in relation to gender, age, and level of property damage experienced. Results from basic health screenings by Tsuzuki et al. revealed no significant difference in RBCs, Hb, and Ht before, immediately after, and half a year after the earthquake in regions where total and half-damaged properties comprised C20 % of properties. For regions where total and half-damaged properties comprised B20 %, Ht significantly decreased 6 months after the earthquake compared to 2 months after the earthquake. Collectively, these results revealed no definite trend, suggesting the need for surveys that consider the target population and regionality.
In order to execute assistance programs that take into account damage and living circumstances, it is necessary to perform a multifaceted examination of the health of communities impacted by earthquakes. However, there are some difficulties (e.g., ethical aspects) in conducting investigations of residents immediately after a disaster. We therefore decided to examine residents' health conditions and determine the issues to address by using results of basic health screenings carried out by local governments in regions with aging populations. Prior to carrying out this study, upon analyzing data from the study subjects with a focus on blood pressure, we found that the body mass index (BMI) of disaster victims is reduced even 6 months after an earthquake and is lower for males the greater the level of damage they experience [7] . Although there was no consistent trend in blood pressure fluctuations for females whose homes were completely destroyed, their diastolic pressure increased significantly compared to those with other levels of damage. In the present study, we focused on red blood cells (RBCs), Hb, and Ht, which are important health indicators of anemia, and examined the impact of the earthquake based on the degree of property damage and age. We believe that our results will be invaluable as basic reference materials for determining specific health management policies and guidance for earthquake disaster victims.
Materials and methods

Subjects
Wajima is located on the northern tip of the Noto Peninsula in Japan. As of 1 April 2006, it was an area where the proportion of elderly residents increased at a rate of 35.8 % [8] . Temporary housing was established 2 months after the earthquake and maintained for 2 years. Subjects were residents of Wajima who underwent consecutive basic health screenings the year before the earthquake in fiscal year (FY) 2006 and FY2007. Basic health screenings targeted residents aged 40 years or older who did not receive an occupational health check. Screenings were performed individually or in a group setting, depending on personal convenience. A majority of the health screenings occurred from September to October, and the screening rate for FY2006 was 47.5 % [9] .
The number of residents examined was 7,542 in FY2006 and 7,394 in FY2007; 5,693 were examined consecutively. This study examined the records of 5,563 residents after excluding 108 undergoing oral therapy to exclude the effects of anemia treatments and 22 with missing data.
Measurements
We obtained basic health screening measurements from FY2006 and FY2007 in Wajima, as well as records on the level of earthquake damage experienced by the screened subjects. The two disparate sets of information were linked to the correct individuals by an administrator in charge of personal information. Personal medical data were handled by the use of encoded data with only numbers to identify individuals.
Of the items in the basic health screening test, gender, age, RBCs, Hb, Ht, and BMI (an indicator of nutritional status) were used for this study.
The age given at the FY2006 screening test was used to categorize subjects.
Subjects were categorized into three groups: those younger than 65 years, those between 65 and 74 years, and those 75 years or older.
Classification of property damage was conducted in consultation with the University of Noto Peninsula's seismological department to confirm the validity of indices evaluating the degree of damage caused by the earthquake. This method of assessing property damage was considered adequate in the absence of more detailed information, such as the seismic intensity experienced at a given location. The level of property damage was also classified into three groups: total damage (including large-scale half damage), half damage (half of total damage), and partial damage (including light damage). Total damage to property is determined by the degree of collapse of a dwelling, the slanting of outer walls and columns, and the foundation damage rate, and refers to homes with a damage rate C50 % [10] that would be difficult to live in without major repairs. From the day of the earthquake, disaster victims must live in evacuation centers or temporary housing for long periods. Moreover, the disaster influences all aspects of their lives, including economic, housing, and job-related aspects, and has a long-term impact on mental health [11] . Half damage to property reflects a damage rate \50 %. However, based on the extent of damage, it may difficult to live at home and, just like those who experienced total damage, residents are greatly influenced by the earthquake until repairs are completed. On the other hand, partial damage to property relates to a damage rate \20 % [10] . While repairs are needed, the home is habitable and residents can continue living there. When considering the impact of an earthquake on health, it is necessary to consider the degree of property damage, as the home serves as the base for living.
RBCs, Hb, and Ht were measured based on quality control standards stipulated in the manual of test value standardization at the same test facility that participates in the Project on Assurance and Standardization of Clinical Laboratory Quality sponsored by the Prefectural Medical Association [12] . RBC, Hb, and Ht data were grouped using classification criteria. with the Tukey-Kramer HSD test. As for factors affecting RBCs, Hb, and Ht, the change in ratios of each were examined by setting the target variable to 1 or 0 if there was an increase or decrease after the earthquake, respectively, and using separate multiple logistic models for males and females with age, change in BMI ratios, and level of damage experienced as explanatory variables. For the level of damage experienced, two quantities-total damage to partial damage and half damage against partial damage-were treated as dummy variables. For statistical analysis, JMP 6.0 (SAS Institute, Japan) was used with significance set at p \ 0.05.
Results
Subject characteristics
The mean age of subjects was 72.6 ± 9.8 years for males and 70.5 ± 11.3 years for females. Residential homes were completely destroyed for 5.5 % of males and 6.1 % of females, and half-destroyed for 7.6 % of males and 8.2 % of females. Temporary housing was used by 1.6 % of males and 2.1 % of females (Table 1) .
Evaluation based on classification criteria
The proportion of males with Hb and Ht below the standard value increased significantly in FY2007 following the earthquake. The proportion of females with RBCs, Hb, and Ht below their respective standard values also significantly increased in FY2007 (Table 2) . Correlation between rate of change in RBCs, Hb, and Ht, and age and rate of change in BMI While RBCs, Hb, and Ht were correlated among each other in both males and females, the correlation of these parameters with rate of change in BMI was low (Table 3) .
Changes in RBCs before and after the earthquake
RBCs significantly decreased among all males, all males in each age group, all males in each age group with a BMI ratio \1, and males who experienced partial damage. Among males aged 75 years or older, RBCs significantly decreased in those who experienced even half damage.
There was no significant difference in rates of change by degree of property damage. RBCs significantly decreased among all females, all females in each age group, all females in each age group with a BMI ratio \ 1, and females who experienced partial damage. There was a significant decrease in RBCs in females who experienced total damage among those aged between 65 and 74 years and 75 years and older. In comparisons based on degree of property damage, among those with a BMI ratio \1 and aged between 65 and 74 years, the rate of change in RBCs in those who experienced full property damage was significantly lower than in those who experienced partial damage (Table 4) . Changes in Hb levels before and after the earthquake Hb significantly decreased among all males, all males in each age group, all males in each age group with a BMI ratio \1, and males who experienced partial damage. Among males aged 75 or older, Hb significantly decreased in those who experienced total and half damage. There was no significant difference in rate of change by degree of property damage. Hb significantly decreased among all females, all females in each age group, and, with respect to females with a BMI ratio \ 1, a significant decrease was observed with the exception of those younger than 65 years who experienced total damage and those older than 75 years who experienced half damage. In comparisons based on degree of property damage, among females with a BMI ratio \ 1 and aged younger than 65 years, the rate of change in those who experienced full damage was significantly higher than in those who experienced half and partial damage. Among females aged 75 years or older, Hb was significantly lower in those who experienced partial damage than in those who experienced half damage (Table 5) .
Changes in Ht values before and after the earthquake
Ht significantly decreased among all males, all males in each age group, all males in each age group with a BMI ratio \1, and males who experienced partial damage. In comparisons based on degree of property damage, males aged between 65 and 74 years with a BMI ratio \1 showed a significantly lower rate of change in those who experienced half damage than in those who experienced partial damage. Among males with a BMI ratio C1, the rate of change was significantly higher among those who experienced half damage than in those who experienced partial damage.
Ht values significantly decreased among all females, all females in each age group, all females in each age group with a BMI ratio \1, and females who experienced partial damage. In comparisons based on degree of property damage, among females with a BMI ratio \1 and younger than 65 years, the rate of change in those who experienced full property damage was significantly higher than in those who experienced partial damage. For females aged 75 years or older, the rate of change in those who experienced half damage was significantly higher than in those who experienced partial damage (Table 6 ).
Factors influencing fluctuations in RBCs, Hb, and Ht
There was no indication of a significant relationship between any of the variables and RBCs and Hb among males. Among females, however, RBCs and Hb declined with increasing age (p = 0.019, p \ 0.001). A significant relationship was not observed between degree of property damage and hematologic markers with logistic regression analyses ( Table 7) .
Discussion
In this study, we examined data related to anemia from basic health screenings of local residents before and after the Noto Peninsula Earthquake. Although not all residents in the region underwent basic health screenings, more than 96 % of subjects in this study lived at home after the earthquake. While field surveys are sometimes necessary after a disaster, it may be possible to lessen the burden of carrying out surveys aimed at implementing health maintenance and guidance by using health screening data. This study may provide valuable basic information for the development of health support measures not only for individuals living in earthquake shelters and temporary housing, but also for those residing at home across the entire region.
Comparing mean RBCs, Hb, and Ht by age before and after the earthquake with results of the 2006 National Health and Nutrition Examination Survey [13] , values were higher in males than in females, and their reduction with increasing age was consistent with the results of the national survey. In addition, mean RBCs, Hb, and Ht peaked for females in their 50s or 60s and gradually decreased after 70 years of age, reflecting similar changes in the national survey findings.
When the results were arranged by classification criteria, the number of individuals below the standard value for RBCs, Hb, and Ht in females and for Hb and Ht in males increased significantly after the earthquake. Mori [14] reported that more than 20 % of elderly individuals correspond to Hb levels below the standard value when the WHO diagnostic criteria for anemia are applied. More than 20 % of males and females corresponded to these levels in the present study as well, and this proportion increased significantly after the earthquake. Because these subjects comprised a non-treatment group, of which about half consisted of late stage elderly individuals, it underscores the necessity of monitoring merging anemic trends in the elderly after disasters. Primary anemia that accompanies aging has been reported to decrease as subjects grow older, although the prevalence of secondary anemia increases with age [15] . After a natural disaster, however, elderly individuals also face marked changes in their living environment (e.g., moving into temporary housing, and reconstructing damaged homes and the region). This may have increased stress and worsened pre-existing chronic diseases. The psychological influence of natural disasters on elderly individuals is reportedly greater than that experienced by younger individuals [16] . RBCs, Hb, and Ht tended to decrease in all age groups after the earthquake compared to before the earthquake. Logistic regression analysis revealed that the degree of property damage had no influence on these parameters. This may reflect the fact that the number of homes with total damage or half damage was less than 10 % that of homes with partial damage, i.e., there was a large difference in number of homes between groups.
Among individuals with a BMI ratio\1, RBCs, Hb, and Ht significantly differed by degree of property damage. In males, Ht significantly differed only in those aged between 65 and 74 years. In women, RBCs significantly differed in those aged between 65 and 74 years, and Hb and Ht significantly differed in those 64 years and younger and those aged 75 years or older. While the trend was not constant, significant differences by degree of property damage and FY2007/FY2006 ratio were seen only with a BMI ratio\1. This suggests the possibility that changes in nutritional status may be related to RBCs, Hb, and Ht. Ht was significantly lower in those who experienced less property damage, i.e., among men aged between 65 and 74 years and women younger than 65 or 75 years or older. This was particularly so when BMI was lower compared to before the earthquake. However, in the aftermath of the Niigata-Chuetsu Earthquake, males (mean age 40.2 years) who worked in disaster response showed significant increases in RBC and Ht even after 1 year from the earthquake, underscoring the need to prevent cardiovascular events [6] . In the group of individuals who experienced less damage after the Hanshin-Awaji Great Earthquake, Ht was significantly decreased a year after the earthquake compared to immediately after the earthquake [4] . Since the mean age of participants in that study was not disclosed, a simple comparison is not possible. However, the finding that the group that experienced less damage tended to have decreased Ht is similar to our results. In order to determine whether Ht decreases after earthquakes in the chronic phase, i.e., more than 6 months after the earthquake, further assessments over time are needed. Acute stressors such as earthquakes were reported to worsen coronary atherosclerosis via actions in the sympathetic nervous system that promote arrhythmia and increase the stimulation of blood platelets, which in turn increases levels of Hb and Ht and elevates blood viscosity [17] [18] [19] [20] .
Stress levels increased in females younger than 65 years after a disaster, likely because of their increased activity levels, suggesting the necessity of support activities to prevent heart disease. Sensitivity to stress following a disaster is higher in females than males [21, 22] , and being both elderly and female affects deterioration in quality of life [23] . The same situation likely occurred with the earthquake victims of the present study. Only female subjects showed a significant change in the ratios of RBCs and Hb. There was a decreasing trend with increased age and also with completely destroyed homes compared to partially damaged homes. Given that RBCs, Hb, and Ht naturally decline with age [24] , the physiological effects described above are expected. Hb significantly decreased among males who worked in disaster response 1 year after the Niigata-Chuetsu Earthquake [6] . In the present study as well, a significant decrease in Hb was seen in both males and females 6 months after the earthquake, suggesting that decreases in Hb after an earthquake continues for a long period. Various reasons may underlie this finding, such as stress resulting from changes in living environment, as well as weight loss due to decreased appetite. Particularly among females, a significant decrease in Hb was seen among those who experienced less property damage in the group in which BMI decreased compared to before the earthquake. Such an observation has not been previously reported. Given that BMI and Hb are both indicators of nutritional status, and the possibility of continuing to live at home when there is less property damage, being in an environment that enables one to observe the homes and region affected by the earthquake may serve as a stressing factor, possibly leading to decreased appetite and weight loss. Since differences in earthquake intensity, casualty figures, damage situation of houses, and age distribution of participants in previous studies make simple comparisons difficult, we believe that further accumulation of data on comparisons with results of other types of analyses is important.
Changes in the activity level of elderly individuals after a disaster can have a systemic effect. For elderly individuals to live an independent and active life, they should be provided with nutrition and health guidance. Although eating habits may be altered while living in temporary housing, access to detailed dietary information was difficult to obtain immediately following the earthquake. Collection of relevant indicators in this domain will be a future challenge.
Significant changes were observed among females when sorting data by age and degree of damage experienced. In particular, females younger than 65 years had significantly higher Ht levels when their homes were completely destroyed. Elevated Ht levels were reported for a group of subjects whose homes were completely destroyed in the Great Hanshin-Awaji Earthquake and remained elevated about 4-6 months after the disaster compared to immediately after the event [25] .
Limitations
Our study has several limitations. The health screening data were not obtained immediately after the earthquake; therefore, we cannot comment on circulatory symptoms in that acute phase. Future research should aim to improve the generalizability of findings to other populations and disaster scenarios. Moreover, given that various stress factors, such as house repair plans and family composition, differ based on the amount of time after an earthquake [26, 27] , it will be necessary to carry out continuous surveys.
While previous studies assessed the influence of earthquakes on health according to earthquake magnitude reported by the Meteorological Agency [3] [4] [5] [6] , the current study assessed various parameters by the degree of damage to homes, which form the foundation of living. Reasons for the absence of a control district were that the majority of the regions in the prefecture suffered damage, and information from other municipalities was unavailable. Basic personal information was not recorded during physical examinations, and therefore use of physical examination data was limited. Furthermore, comparisons between damaged and nondamaged property within the affected area were difficult and will be a future challenge. The health impact of an earthquake depends on its severity, demographics of the region, and the length of the recovery period. Although a significant relationship was not seen between property damage and anemia in the Noto Peninsula Earthquake, this study may serve as basic data for future studies of the impact of the 2011 Tohoku Earthquake.
